1. Introduction {#sec1}
===============

Prostate cancer is the second most common cause of death of men in the United States. In 2018, it is estimated that 164 690 new cases of prostate cancer will be diagnosed [@bib1]. Androgen deprivation therapy (ADT) is the standard first line systemic treatment for men with advanced metastatic prostate cancer. ADT attempts to abrogate critical androgen receptor (AR)-mediated growth but many patients develop castration-resistant prostate cancer (CRPC) [@bib2]. Targeting androgen signaling (anti-androgens) and microtubules (taxane chemotherapy) has survival benefits for patients with metastatic CRPC (mCRPC), but therapeutic resistance develops, resulting in lethal disease [@bib3], [@bib4], [@bib5]. This resistance results from the addiction of CRPC cells to AR signaling and constitutive activation of AR splice variants [@bib6], [@bib7], [@bib8]. A comprehensive epidemiology-based review of the literature by Kirby et al. [@bib9] revealed that 10%--20% of patients with prostate cancer on ADT will develop CRPC within 5 years. Hence, there has been a controversial debate surrounding the efficacy of ADT as an effective therapy for the treatment of advanced disease with persistent AR signaling or activating alterations in the AR signaling axis. The treatment options currently available for patients with advanced cancer is second generation anti-androgens, taxane-based chemotherapy, Radium-223 and Sipuleucel-T [@bib10]. Our team first provided ground-breaking evidence (confirmed by other investigators) that taxane chemotherapy, in addition to targeting microtubule integrity and stabilization, exerts antitumor effects by impairing AR transport along the microtubules, resulting in AR cytoplasmic sequestration and inhibition of AR activity in clinical prostate cancer [@bib11], [@bib12], [@bib13], [@bib14].

A rapidly growing body of work has demonstrated that terminally differentiated cells can be reprogrammed into acquiring pluripotent stem cell characteristics, by expressing the relevant transcription factors towards transdifferentiation, epithelial--mesenchymal transition (EMT) and mesenchymal--epithelial transition (MET) [@bib15], [@bib16], [@bib17]. The cellular process of transdifferentiation is regulated by close associations between EMT and the neuroendocrine phenotype [@bib18]. Neuroendocrine phenotype characteristics of prostate tumors have recently been identified as an active dynamic component of prostate cancer progression [@bib16], [@bib17], [@bib18]. Neuroendocrine tumors have been pathologically well characterized in human clinical disease, primarily as these neuroendocrine prostate cancers (NEPCs) can arise either *de novo* or as an adaptive response to ADT [@bib16]. In normal cells, the neuroendocrine phenotype may play a role in regulating growth and differentiation of epithelia. However, the neuroendocrine phenotype presents itself in cancer as more aggressive pathological feature, indicating poor clinical outcomes relative to primary neuroendocrine cancers from other organ systems [@bib19]. Although only about 2% of organ-confined prostate cancer are classified as having NEPC, the features associated with the neuroendocrine phenotype are presented in at least 10% of patients [@bib20], [@bib21]. However, due to a general lack of biopsy diagnoses for advanced disease, this may underrepresent the frequency of NEPC. The National Comprehensive Cancer Network (NCCN) guidelines outline critical distinctions associated with NEPC [@bib22]. These prostate cancer patients have poorly differentiated tumors (Gleason score 9--10) and respond poorly to ADT or targeted anti-androgen therapy. The disease is associated with low serum prostate-specific antigen (PSA) and progression to visceral metastasis, in contrast to bony metastases clinically exhibited by traditional prostatic adenocarcinoma. Histological (non-acinar) variants of prostatic carcinoma account for about 5%--10% of carcinomas originating in the prostate, including basal cell carcinoma, and neuroendocrine tumors [@bib23]. Neuroendocrine cells from human NEPC specimens are characteristically small, round epithelial cells that contain irregular nuclei. Prostate tumors from the transgenic mouse model of prostate adenocarcinoma (TRAMP) mice develop neuroendocrine type adenocarcinoma with local invasion at 20 weeks of age and with progression to advanced disease (at 36 weeks) exhibit pathologically aggressive neuroendocrine tumors [@bib24] ([Fig. 1](#fig1){ref-type="fig"}). NEPC is a lethal, AR-negative variant that most commonly arises from treated adenocarcinoma of the prostate. NEPC does not respond to AR-directed therapy and has only transient response to chemotherapy, with most patients dying within 12 months. It is estimated that up to 30% of late-stage prostate cancers harbor a predominance of neuroendocrine differentiation. This review delves into the neuroendocrine phenotype to determine its contribution to the process of trans-differentiation during tumor progression to advanced disease. Furthermore, we discuss the current understanding of the functional exchange between the EMT phenotypic landscape and the neuroendocrine phenotype in the context of the prostate tumor microenvironment and the implications on therapeutic resistance in clinical disease.Figure 1Histopathological characteristics of neuroendocrine prostate cancer. (A) A representative H--E section of a human prostatectomy specimen from a 57-year-old male with PSA 3.4 ng/mL diagnosed with NEPC. Neuroendocrine cells are pathologically small, round epithelial cells that contain irregular nuclei and reduced cytoplasmic granularity; (B) and (C) Images of prostate tumor sections from the TRAMP mouse model tumors at 20 weeks and 34 weeks respectively exhibiting a characteristic progressive spectrum of neuroendocrine differentiation. PSA, prostate-specific antigen; NEPC, neuroendocrine prostate cancer; TRAMP, transgenic mouse of adenocarcinoma of the prostate.Figure 1

2. EMT defines the prostate tumor landscape {#sec2}
===========================================

The heterogeneity and plasticity that characterize prostate tumors suggest that regulatory phenotypic changes in individual cells imposed by the microenvironment may contribute to metastasis and therapeutic resistance [@bib23], [@bib24]. Coordinated molecular and genetic events generating such phenotypic alterations in the tumor landscape are associated with the acquisition of mesenchymal traits by epithelial cells and EMT induction facilitating tumor progression and development of therapeutic resistance [@bib24]. The process of EMT in the normal prostate gland plays a significant role in embryonic development and tissue regeneration during wound healing [@bib25]. However, the process has different implications in oncogenesis due to fundamental changes in the microenvironment. Transforming growth factor-β (TGF-β) is a primary inducer of EMT [@bib13]. TGF-β signaling controls prostate growth by inhibiting proliferation, inducing apoptosis, and promoting migration and invasion through two transmembrane serine/threonine kinases, type I and type II receptors (TβRI and TβRII) [@bib26]. By the stimulation of these receptors, the intracellular effectors Smad2/3 form a complex with Smad4 allowing its nuclear translocation and transcriptional activation of target genes in response to TGF-β [@bib27]. In the early stages of tumorigenesis TGF-β has tumor-suppressor function via apoptosis induction, but it promotes tumor migration and invasion in late stages towards metastasis via effects on the actin cytoskeleton [@bib26], [@bib28]. The biological and clinical impact of the dual functions of TGF-β as a cytokine with apoptosis-inducing, as well as EMT-promoting and invasive properties on human cancer development and metastatic progression has been intimately linked with several malignancies, including urothelial carcinoma [@bib29], [@bib30], breast cancer [@bib31] and prostate cancer [@bib26].

The TGF-β signaling and the AR axis work in mechanistic conjunction to facilitate prostate tumor progression to metastasis. Indeed, there is compelling evidence to suggest that the phenotypic EMT landscape in prostate cancer is partially regulated by androgen signaling [@bib15], [@bib32]. In clinical disease, EMT induction and acquisition of mesenchymal features has been associated with high Gleason grade, biological recurrence and visceral metastasis [@bib16]. Consequentially intricate understanding of the intercellular interactions, cell-extracellular matrix interactions, and complex intracellular signaling programming EMT and its reversal to MET will be imperative for the development of targeted therapies against advanced mCRPC. Cadherins are crucial to the process of EMT because the change in the balancing dynamic between E-cadherin and N-cadherin presence confers either suppressed or expressed invasive properties. E-cadherin, an epithelial marker, is an important contributor to cell--cell communication and functional exchange between cells. E-cadherin depletion and EMT have been shown to confer anoikis resistance (cell death resulting from insufficient cellular interactions) [@bib33]. N-cadherin expression promotes invasive and migratory capacities [@bib34]. E-cadherin/N-cadherin behavior and EMT/MET cycling is controlled by multiple TGF-β regulated genes: *TWIST*, *ZEB1*, *Slug*, and *Snail* [@bib15]. The genes act as repressors of E-cadherin. *TWIST* promotes the expression of the prominent pro-angiogenic factor, vascular endothelial growth factor (VEGF) [@bib30]. VEGF is the instrumental paracrine factor in angiogenesis and has been implicated in tumor growth and invasion [@bib35]. *ZEB1* is a zinc-finger protein transcription factor that is linked to the *TCF8* gene. With increased expression of the *TCF8* gene regulated by the AR, there is increased expression of the ZEB1 protein [@bib36]. Ultimately, the downregulation of AR enhances ZEB1 expression, inducing EMT. *Snail* and *Slug* are examples of other zinc-finger transcription factors linked with TGF-β and consequently EMT. *Snail* and *Slug* possess unique mechanisms in determining EMT outcomes. *Snail* binds to E-box sequences within the promoter region of *E-cadherin* genes to repress their expression, resulting in upregulation of mesenchymal protein expression [@bib37], [@bib38]*. Slug* expression is under transcriptional regulation by androgens and its complex formation with AR results in the repression of E-cadherin [@bib39]. Upregulation of *Slug* has been characteristically demonstrated in both mouse-derived models, prostate tumors, and human prostate cancer cell lines [@bib40]. With the identification of these significant EMT effectors, targeted therapies can be developed to impair or reverse the molecular and phenotypic traits of tumor aggressiveness and overcome therapeutic resistance --- A quite challenging task. Interestingly, evidences from *in vitro* and *in vivo* models of pre-clinical and clinical prostate cancer, support that a lineage switch from epithelial cells to neuroendocrine cells compromises the AR-dependency of prostate tumors, enabling them to bypass the AR signaling axis targeting [@bib41], [@bib42], [@bib43].

3. Neuroendocrine transdifferentiation (NEtD) and the tumor microenvironment {#sec3}
============================================================================

Next-generation sequencing studies have identified a few genetic differences between prostate adenocarcinoma and NEPC, mainly related to the functional involvement of oncogenes and tumor suppressor genes [@bib17], [@bib44]. Furthermore, contextual to the tumor microenvironment signaling exchanges between tumor epithelial cells, tumor-associated fibroblasts and endothelial cells can mediate EMT outcomes [@bib28]. As a cellular process, EMT involves trans-differentiation of epithelial-based tumors to a mesenchymal phenotype with an associated increase in invasive and migratory capacities. One must also consider the evidence suggesting that ADT may initiate EMT through downregulation of epithelial-based markers among prostate tumor cell populations [@bib45]. The biological consequences of ADT affect not only the tumor cells themselves but the entire microenvironment, with significant impact on the EMT phenotypic dynamic and neuroendocrine-directed tumor landscape within the microenvironment (and independently of AR axis), towards local invasion and distant metastasis [@bib15], [@bib20], [@bib46].

Complex paracrine signaling and extracellular interactions within the tumor microenvironment demonstrate attractive targeting value for the development of novel effective targeted therapies [@bib47]. Normal paracrine interactions between prostatic stromal and epithelial cells control prostatic growth and exocrine function. In prostate cancer, stromal cells behave aberrantly and demonstrate increased extracellular matrix remodeling and angiogenesis [@bib47]. The changes made in the stromal cells resemble that of wound healing, like EMT in its non-cancerous progression. There are three main tissue/organs that interact with prostate cancer: The prostate gland, lymph node, and bone. In the prostate gland, stromal cells are characterized by distinct alterations, including increased extracellular matrix (ECM) remodeling, increased protease activity, increased angiogenesis, and an infiltration of inflammatory cells [@bib47]. Prostate cancer cells promote stromal reactivity and tumor proliferation in the context of the tumor microenvironment ([Fig. 1](#fig1){ref-type="fig"}). In the lymph node, there is loss in cell adhesion resulting in increased migratory capacity. In metastatic lesions, however, there is a complex interplay between the EMT and MET phenotypes as cells become a cohesive lesion in distant sites. The bone is identified as the primary metastatic site for prostate tumors. A study surveying 1 589 patients with prostate cancer found that 35% developed metastases and 90% of those metastases were in the bone [@bib48]; with the osteoblastic characteristics promoting the production of unstructured bones in metastatic disease. Work by Kobayashi et al. [@bib49] identified a protein linking dormancy to metastasis during prostate cancer progression. Bone morphogenic protein 7 (BMP7) is secreted from bone and subsequently allows prostate cancer stem-like cells to arise, conferring metastasis, while providing a promising therapeutic target for metastatic prostate cancer to the bone.

There has been a relatively recent recognition of clinical implications of neuroendocrine prostate cancer and its diagnosis and treatment, but there are conflicting opinions on the etiology of the pathological process leading to neuroendocrine tumors. While there is strong evidence to suggest the neuroendocrine phenotype transdifferentiates from pre-existing adenocarcinoma cells [@bib50], other investigators argue that the cancer stem cells give rise to the neuroendocrine differentiated tumor cells [@bib51]. Moreover the widely-accepted high intra-tumoral heterogeneity confers serious challenges in the effective chemotherapeutic targeting of prostate tumors [@bib52]. Our current understanding of the histopathological progression of human prostate cancer guiding clinical decision-making stems from the Gleason grading system, with neuroendocrine tumors almost universally exhibiting high grade, poorly differentiated pathology [@bib53]. The process of neuroendocrine differentiation during prostate cancer progression to advanced disease emerges is a critical event in facilitating therapeutic resistance and emergence of metastasis. As illustrated in [Fig. 2](#fig2){ref-type="fig"}, prostate tumor epithelial cells can follow three diverse routes as they progress towards advanced and therapeutically resistant prostate cancer. Although still a point of controversy, the recognition that tumor progression involves the differentiation of cancer stem cells with the outcome being NEPC, is intriguing [@bib51]. A more attractive route is when tumor cells detach from the ECM and undergo NEtD, consequential to ADT treatment, the molecular changes lead to phenotypic changes. Cells transdifferentiate into the neuroendocrine phenotype ([Fig. 1](#fig1){ref-type="fig"}). The phenotype is associated with low AR activity, high levels of cellular plasticity drivers (Axl, MEK, AURKA, Brachyury), high grade, low PSA, and possible treatments include platinum-based chemotherapy and MEK inhibitors. Parallel to the NEPC development, many prostate tumors progress by following an EMT-navigated route that characteristically result in metastatic spread. The invasive phenotype developed is androgen independent, high grade, therapeutically resistant (CRPC), variable PSA, with high expression of plasticity drivers that can lead to bony metastasis ([Fig. 2](#fig2){ref-type="fig"}). Considering the clinical evidence that the cancer-specific survival is less than 1 year for patients with NEPC, precise histopathological distinction for timely clinical diagnosis is imperative to eradicate lethal disease. The prevalence of NEtD is increased in response to ADT and disease progression [@bib15], [@bib16]. Androgens can suppress the neuroendocrine phenotype. When the AR is inhibited, the phenotype emerges and is manifested by aggressive features and clinical progression. Prostate cancer cells with neuroendocrine phenotype are characterized by elongated and spindle-like morphology. NEtD is also associated with tumors that are aggressive and resistant to therapy [@bib12]. One mechanism for this resistance is emergence of apoptosis resistance. Furthermore, secretory products from NEPC cells (neuropeptides and growth factors) are thought to have paracrine effects on surrounding prostate cancer cells by decreasing rates of apoptosis [@bib53].Figure 2Progression of primary prostate adenocarcinoma to NEPC and EMT-navigated metastatic prostate cancer follows diverse differentiation spectra. Normal epithelial cells may undergo EMT via loss of basoapical polarity and creating a more irregularly shaped, mesenchymal phenotype. Tumor epithelial cells may, upon detaching from the ECM, also transdifferentiate to NEPC as a cellular response to ADT. Another pathway to the neuroendocrine phenotype is differentiation of cell with stem cell-like properties. In addition to the separate lineages, a potential connection and spectrum of differentiation between the two phenotypes within the microenvironment may have significant functional consequences on prostate tumor progression. ADT, androgen deprivation therapy; ECM, extracellular matrix; EMT, epithelial--mesenchymal transition; NEPC, neuroendocrine-prostate cancer; PSA, prostate-specific antigen; AR, androgen receptor; MEK, mitogen-activated protein kinase; AURKA, aurora kinase A; CRPC, castration-resistant prostate cancer.Figure 2

In addition to its role as a critical EMT regulator acting as a transcriptional repressor of E-cadherin, *Snail* can also induce NEtD [@bib12]. *Snail* decreases cell adhesion by decreasing E-cadherin and other epithelial markers thus inducing EMT. Evidence derived from this study indicated the first functional connection between the process of EMT and the NEtD phenotype, determined by a common mechanism [@bib12]. One essential component to EMT and NEtD activation is cell plasticity, driven predominantly by genetic and epigenetic changes impacting cellular identity and cellular response to signaling within the microenvironment. Drivers controlling changes in cell plasticity and lineage identity include transcription factors Brachyury, Axl, MEK, and Aurora kinase A [@bib15], as well as SOX2 [@bib43]. In recent studies, genes *RB1* and *Trp53* have been identified as plasticity suppressors [@bib42]. Suppression of *RB1* and *Trp53* (tumor suppressors) is associated with overexpression of SOX2 [@bib42], [@bib43], implicating an inverse relationship between these factors in terms of their value as promising therapeutic targets to combat EMT and NEtD-related tumor progression and therapeutic resistance. A compelling characteristic of the *RB1* and *Trp53* genes is they are commonly suppressed in advanced prostate cancer pathological variants, such as NEPC, suggesting also a relation to response to antiandrogens and therapeutic resistance [@bib42], [@bib44]. Indeed, a strong indication of lineage plasticity contributing to therapeutic resistance, stems from clinical evidence that 20%--25% of patients with metastatic CRPC treated with antiandrogens, relapse with tumor cells harboring neuroendocrine features [@bib46].

An intriguing potential mechanism driving prostate tumor therapeutic resistance to ADT towards a CRPC phenotype is the selection of NEtD cells surviving low androgen environments and enriching a selective proliferation within the primary tumor. Mechanistically AR signaling inhibits the neuroendocrine phenotype [@bib55]. Neuroendocrine prostate tumor cells downregulate AR expression and thrive in restricted androgen environment, consequential to ADT ([Fig. 2](#fig2){ref-type="fig"}). Assessment of mechanisms underlying CRPC in the absence of AR in AR null and neuroendocrine null cells revealed that in the absence of AR ligands, AR signaling is active in a ligand-independent manner [@bib56]. Since ADT promotes the development of NEPC, its incidence may be more frequently detected in response to second generation antiandrogens (abiraterone and enzalutamide). Thus, chemotherapeutic strategies must anticipate the AR-independent signaling exhibited by neuroendocrine tumors to be clinically efficacious.

4. Neuroendocrine phenotype in metastasis and therapeutic resistance {#sec4}
====================================================================

The phenotypes of both EMT and NEtD, no longer considered rare biological entities, can functionally contribute to prostate cancer progression and emergence of therapeutically-resistant metastatic disease. In terms of EMT, extensive cellular plasticity conferring dramatic polarity manipulations, via AR-dependent or independent signaling mechanisms is seemingly the "smoking gun" behind prostate cancer progression to metastasis [@bib39], [@bib45], [@bib57]. The predominant increase occurs in the expression of N-cadherin---a cell adhesion molecule that, when lost, promotes greater plasticity and migratory capacity. In addition to N-cadherin, there are other markers implicated in metastasis with a close functional association with the EMT and NEtD phenotypes. MEK inhibitors have been evaluated in the treatment of tumors with NEtD induced by previous therapy. Moreover, additional evidence suggests that the MEK pathway downregulates *AR* mRNA levels in multiple prostate cancer cell lines [@bib41]. Other markers involved in metastasis include ZEB1, mediated by insulin-like growth factor-1 (IGF-1) [@bib58]; β-catenin, downregulation of which is associated with tumorigenesis [@bib59]; and vimentin [@bib60]. Each of these markers serves as promising candidate for therapeutic targeting in advanced metastatic disease, in addition to having an attractive biomarker value. Significantly enough, the functional involvement of all the markers contributes to the overall cancer progression through EMT by increasing polarity and invasive properties. Understanding the relationships between the marker expression/localization and the EMT to MET interconversion dynamic will facilitate identification of new targets for therapeutic development in the treatment of advanced prostate cancer.

Therapeutic resistance to ADT is virtually inevitable but occurs after a unique timeline of therapy for each prostate cancer patient after biochemical recurrence or diagnosis of advanced disease. The treatment options for patients with CRPC, are antiandrogens, targeting the androgen/AR signaling, and taxane chemotherapy, targeting the microtubule organization/stabilization, but therapeutic resistance ultimately develops resulting in lethal disease [@bib61]. Growing evidence has established that docetaxel (first line chemotherapy) inhibits AR nuclear localization in androgen-sensitive prostate tumors, while in CRPC AR splice variants remain capable of nuclear trafficking contributing to taxane therapeutic resistance [@bib14], [@bib32]. Targeting the AR can confer cross-resistance between the antiandrogen enzalutamide and docetaxel, but not cabazitaxel (second line chemotherapy) in CRPC [@bib62]. Moreover, recent work from this laboratory demonstrated that cabazitaxel led to reversion of EMT to MET, kinesin-mediated multi-nucleation, and glandular re-differentiation while retaining nuclear AR in *in vivo* pre-clinical models of advanced prostate cancer [@bib63]. An appealing target here is Bcl-2 a regulator of apoptosis that enables prostate cancer cells to survive under low androgen environments and overexpression of which is associated with clinical progression to metastasis [@bib64]. Taxane-based chemotherapeutic agents induce post-translational modification in Bcl-2 protein through phosphorylation to impact apoptosis outcomes [@bib31], causing stabilization of the microtubules [@bib64], and impairing AR translocation to the nucleus [@bib11] towards a therapeutic response in prostate cancer. The mechanistic link between Bcl-2 with treatment resistance to taxane chemotherapy among patients with advanced prostate cancer calls for novel therapeutic exploitations of combination strategies to target this apoptosis suppressor.

Ongoing efforts in therapeutic targeting of CRPC led to several promising FDA-approved therapies, including second-generation antiandrogens, abiraterone (CYP inhibitor), and enzalutamide (AR signaling inhibitor), cabazitaxel (second line taxane chemotherapy), and Radium-223 (radionucleotide) (EAU Guidelines) [@bib65]. Recent observations from Phase III randomized controlled trials indicate that abiraterone has efficacy in men at high risk for advanced or metastatic prostate cancer naïve to hormone therapy. The recently completed LATITUDE trial demonstrated that abiraterone with prednisone decreased the risk of death by 38% compared with ADT, and the combination nearly doubled median progression-free survival in patients with recurrent disease (33 months *vs.* 15 months respectively) [@bib66]. In the TROPIC, a phase III randomized trial of prostate cancer patients with clinical progression on docetaxel for metastatic disease, patients were randomized to mitoxantrone and prednisone *vs.* cabazitaxel and prednisone. Patients in the cabazitaxel group showed 2.4-month overall survival and 1.4-month progression free survival benefits [@bib67]. Experimental evidence from our group implicates new efficacy of a combination approach of taxane chemotherapy and novel antiandrogens targeting the N-terminal domain of the AR via dictating EMT to MET interconversion [@bib68].

Platinum-based chemotherapy has proven efficacy in the treatment of neuroendocrine tumors. Humeniuk et al. [@bib69] recently demonstrated that 63% of patients with NEPC as opposed to 29% of patients with prostate adenocarcinoma, partially responded to platinum chemotherapy---suggesting the NEPC sensitivity to the platinum-based agents which is clinically consistent with primary neuroendocrine tumors from other organ systems. In the pursuit of a complete characterization of the neuroendocrine phenotype as a driver of progression to advanced prostate cancer, two ground-breaking studies by Beltran and her investigative team [@bib44], have provided fundamental knowledge and enhance our current understanding of the significance of neuroendocrine tumors determining clinically aggressive, therapeutically resistant prostate cancer. The initial molecular characterization of the NEPC phenotype was achieved by performing clinical diagnostics using deep next-generation sequencing towards assessments and subsequent mechanism-driven efforts enhanced our understanding of its impact on tumor cell polarity and contribution to disease progression under ADT [@bib42], [@bib46]. Moreover, while recognizing the vast heterogeneity that characterizes advanced disease in clinical presentation, additional evidence has identified translationally significant characterizations of the phenotype using circulating tumor cells (CTC) [@bib17]. These pioneering studies established that NEPC cells are smaller in pathological size than the "classic" CRPC cells harboring reduced AR expression, opening the way to exploitation of the neuroendocrine phenotype at the pathological, molecular and therapeutic level towards new diagnostic tests and improving clinical outcomes of patients with advanced disease.

5. Conclusion {#sec5}
=============

In 2018, the challenge remains to apply targeted therapies either as in combination approaches or in sequence to achieve clinically meaningful outcomes in prostate cancer patients with advanced disease. The molecular mechanisms underlying the role of NEtD in prostate cancer progression are still not clearly defined. Gaining further mechanistic insights into the cellular mechanisms driving phenotypic transition to the neuroendocrine phenotype would be critical in enhancing our understanding of the acquisition of this "pathologically exotic" feature of prostate tumors. Further characterization of the underlying drivers of transdifferentiation in response to conventional therapies will generate valuable new platforms for therapeutic manipulation throughout the spectrum of disease progression. Recognizing the contribution of the neuroendocrine phenotype to inherent therapeutic resistance in prostate cancer begs the question: how can such resistance be overcome at the molecular and clinical setting of advanced disease? Neuroendocrine tumors of the prostate may provide a unique phenotypic landscape enabling functional connections to EMT with consequences on the therapeutic response in patients with advanced disease. Exploitation of treatment therapies in combination and/or sequencing strategies to facilitate the interconversion of EMT to MET in a temporal "switch" has promising novel utility by conventional therapies. Molecular subtyping of individual of prostate tumors from patients throughout the disease process may tailor treatment strategies targeting the dynamic interconversion rate of EMT to MET towards a spectrum or NEPC differentiation and the degree of intratumoral heterogeneity characterizing these advanced tumors. This will be further facilitated by platforms enabling high throughput screening of biomarkers for neuroendocrine phenotype, disease progression, and therapeutic resistance. Considering the increased recognition of the importance of the neuroendocrine phenotype in advanced prostate cancer [@bib15], [@bib54], [@bib70], the ongoing efforts of molecular exploitation of the landscape of individual tumors using advanced technology, would empower significant molecular correlations between EMT and the neuroendocrine phenotype to impact clinical disease.
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